Abstract. This paper deals with the design, analysis and simulation of a three phase three wire shunt active power filter. It compensates harmonic currents, and reactive power under balanced and unbalanced supply network. An advanced control theory based on a self tuning filter is adopted. The novelty with the control approach developed in this paper is to use a self tuning filter, which can extract directly the fundamental currents in the αβ axis with high performance. It will be proved that the new approach has a good dynamic and without any delay. Moreover, we are going to propose a PLL with a high performances when the voltages of the main are strongly unbalanced and contain harmonics. The simulation results will illustrate the good performance of this new approach, specially a better dynamic characteristics in comparison with classical extraction methods will be obtained. Finally an experimental branch for testing practically this new control approach is undergoing now and hopefully the experimental results will be presented during the conference.
Introduction
Since its introduction some twenty years ago, the active power filter " APF " presents a good solution for disturbance treatment, particularly for harmonic currents and/or voltages.
However, the performance of the APF is determined by the kind of control used. It is more emphasised when the voltages of electrical network contain harmonics and/or are unbalanced, because many parts of the control of APF, such as the PLL, filter … are very sensitive to the variation of the electric network voltage.
The authors in this paper propose an advanced control approach for shunt APF for harmonic current detection. This advanced control is characterised by a new PLL which is not sensitive to the disturbances, specifically to the harmonic and unbalanced voltage. Moreover, we propose a self tuning filter for extracting harmonic currents.
System Configuration
The system configuration of the APF connected to the electrical network by a L-type filter is shown in Fig.1 . It gives the proposed system which is composed of a three phase source, a rectifier as a non-linear load and an APF connected in parallel with the electrical network. 
Description of the Advanced control method
The main objective of this advanced control method is to improve the performances of some specific parts of the APF based on the use of the instantaneous real and imaginary power proposed by H. Akagi et al. [1] , such as the PLL, filter … which are very sensitive to the variations of the electric network voltage under unbalanced or harmonics context. Fig. 2 . Shows the basic scheme of the control of the APF. According to this Figure, we notice that the advanced control of the APF has two specificities :
1. the use of a PLL after voltage treatment by a self tuning filter to make it insensible to the voltage harmonics and unbalanced.
2. The extraction of harmonic currents realised in the instantaneous power theory by the calculation of the active and reactive power, is performed directly from the currents in the α-β axis by using a self tuning filter. 
Self tuning filter
The self tuning filter is the most important part of this advanced control which allows to make insensible the PLL to the disturbances and filtering correctly the currents in α-β axis.
A. Principal
Hong-scok Song [2] had presented in his PhD work how recovered the equivalent transfer function of the integration in the synchronous references frame «SRF» expressed by the equation: 
With this transfer function, he shows that the output signal is in phase with the input signal, with an integration effect of its magnitude. Moreover, if we trace the bode diagram of this transfer function we will find similarities with a band pass filter.
Now suppose that we add two new constants k1 and k2 in the transfer function of the equation (2). Then we have the following expression: At 50Hz, the phase angle of bode diagram is null, which means that the two input and output signals are in phase either k1.
it is necessary to make k2=k1.
So, the transfer function of the equation (3) becomes: 
B. Simulation and experimentation of the band pass filter
The efficiency of filters can be tested through the simulations using MATLAB "Simulink and power system blockset". It can also be confirmed experimentally by a realisation of an analogic circuit of the band pass self tuning filter. Fig. 5 . represents the simulation result in which a-represents the load currents, b-the current in α-β axis before filtering and c-the current in α-β axis after filtering. We observe that the band pass self tuning filter is performing well and perfectly extracts harmonic currents.
-a--b--c- Fig.5 . Simulation results Fig. 6 . represents the experimental results, in which : arepresent the load currents, b-the current in αβ axis before filtering and c-the current in αβ axis after filtering. We observe that the self tuning filter action is good in experimentation since it perfectly extracts the harmonic currents.
-a--b--c- Fig.6 . Experimental results
C. Analysis of the simulation and experimental results
We notice, from Fig. 5 and Fig. 6 , that by simulation and by experimentation, the proposed filter acts efficiently and gives good results with no delay at the network frequency ( f= 50 Hz ) . Besides, for two different input signals with different harmonic content, the same quality of filtering is obtained. Moreover we do not find any difference between simulation and practical result.
However it is shown that the filter is efficient for the harmonics, but the question is how will be its performances in the unbalanced case? when the voltages of the three phases are unbalanced, it will be met in αβ axis. We notice, by simulation, that in spite of an excessive unbalance between the two input signals, the filter, will generate always two equal magnitude sine-waves, while making the following operation: We remark from Fig. 7 , that when 40 < k < 60 then the error between the two output signals is small.
We can then say that:
1 -when the voltage is disturbed " harmonic and/or unbalanced " the filter will block it, which will permit the PLL to work correctly either the voltage network, it will always be sinusoidal and balanced.
2 -In which concerns the load currents, we showed that the band pass self tuning filter proposed here gives a good "sinusoidal waveform". So, the difference between the output and the input signal is the harmonic currents that the APF must inject in order to compensate harmonic currents of the electrical network.
The PLL
In general concerning the PLL, the objective is to immunise it against the disturbances, more especially against the harmonic and the unbalances.
For this, the advanced and robust regulators such as RST are used [3] , [4] , [5] .
In this part of the paper, we will show that the best way to immunise the PLL against the perturbation is to treat them before they arrive to the PLL. To show the efficiency of this strategy, we chose to use the self tuning filter described above, because this type of filter gives a sinusoidal, balanced and without phase output signal. 
We remark that the self tuning filter treats the harmonics and unbalanced voltage perfectly, and that the PLL detects the phase angle of the output signal of the filter, also improve its dynamic with a simple regulator PI, which gives at the output of the PLL a sinusoidal, balanced, without delay and with a good dynamic signal.
Simulation result of the control of APF
The last simulation, shows the effectiveness of the control of the active power filter ( Fig. 2 ) . By use of this advanced PLL and the new self tuning the extraction of the fundamental current is realised when the voltages are unbalanced. The THD before filtering for the first line is 28.35 % and becomes 4.93% after filtering.
Conclusion
The advanced control strategy method of the APF has been presented and applied to a three phase balanced or unbalanced power network with sinusoidal or non sinusoidal voltages. 
